Three groups of 12 broiler chickens were fed from 8 to 21 day of life wheat-based, xylanase-supplemented diets containing 80 g crude fat/kg; control diet contained lard, diet L 80 g linseed, diet R 100 g rapeseed per kg. Growth performance data were recorded, than 6 chickens from each group were killed after 17 h of food deprivation, and 3 parts of small intestine were incised, fixed and mounted in paraplast. The histomorphometry of villi, crypts and tunica muscularis and submucosa was performed using light microscopy.
INTRODUCTION
Full-fat linseed and 00 rapeseed (canola) are often evaluated as a source of n-3 fatty acids in broiler chicken diets. However, both contain some potent antinutritional factors, what limits their use as a feedstuffs for poultry. Lee et al. (1991) showed, that diets containing 10 or 20% of canola had no negative effect, while diets with the same levels of flaxseed significantly decreased performance of broiler chickens. Similar results were obtained by Pietras et al. (2000) with diets containing 15% of these oilseeds. The increase in the dietary inclusion of linseed led to poor digestibility and utilization of nutrients by chickens, what may be attributed mainly to the increase in viscosity of the small intestinal digesta caused by mucilage present in the seeds (Rodriguez et al., 2001 ). In our research (Smulikowska and Nguyen, unpublished) inclusion of 8, 16 or 24% linseed into chicken diet increased the viscosity of jejunal digesta from 1.5 in control group to 5, 9 and 15 mPas.s, respectively, and the viscosity of ileal digesta from 1.8 in control group to 6, 14 and 38 mPas.s, respectively. It is well-known that in chickens the viscosity of digesta is negatively correlated with the digestibility of nutrients, particularly fat, and it may have also impact on intestinal development and functions (Viveros et al., 1994; Smulikowska, 1998; Iji, 1999) .
The feeding value of full-fat rapeseed is limited mainly by the presence of glucosinolates, which affect thyroid functions. Rapeseed is also rich in condensed tannins, phytates and non-starch polysaccharides (NSP), however, NSP of rapeseed did not increase the viscosity of intestinal digesta in chickens (Nguyen et al., 2003) . There is an evidence that feedstuffs differing in physico-chemical characteristics of dietary fibre affect the development of digestive tract in young birds and alter the morphological structures of small intestinal wall (Jamroz et al., 1992; Viveros et al. 1994; Iji, 1999; Jaroni et al., 1999) , however no data on the effect of rapeseed-and linseed-containing diets was found in available literature.
The objective of the study was to investigate an effect of diets with moderate level of linseed and rapeseed on growth performance and on morphology of mucosal layer of small intestinal wall.
MATERIAL AND METHODS
Commercial brown-seeded linseed and rapeseed '00' were the same as used in the study of Nguyen et al. (2003) . Oilseeds were finely ground. Three diets were prepared, control diet without oilseeds, and two isocaloric and isoprotein diets containing 80 g linseed (L) or 100 g rapeseed (R) per kg. All diets were supplemented with xylanase (Avizyme 1300, Finnfeeds Int.) and contained growth promoter and coccidiostatic (Table 1) . Diets were cold pelleted.
Sixty one-day-old Hybro line female broiler chickens were placed in battery brooder in a temperature-controlled room with continuous light, and fed pre-starter diet. At 8 day of age, the birds were deprived of food for 4 h, weighed, and 36 birds of body weight on average 136 g, were allocated randomly to three groups and placed in individual cages (38 x 50 x 50 cm 3 ), each equipped with an electrical heater inside and feeding through and water cup outside. The temperature in the room was 25°C at the 8 day and was reduced to 22°C subsequently. Chickens were fed with experimental diets ad libitum for two weeks. Body weight and feed intake (corrected for feed wastage) was recorded in weekly intervals, after 4 h food deprivation, and body weight gain and feed conversion ratio was calculated.
At the 22 day of age six chickens from each group were killed by decapitation after 17 h food deprivation. The small intestine was immediately removed and 3 cm long segments were taken from the proximal duodenum, the jejunum (5 cm anterior from the Meckel's diverticulum) and the ileum (5 cm anterior the ileocaecal junction).
Segments of duodenum, jejunum and ileum were fixed in Bouin's solution for 5 days, then dehydrated and embedded in paraplast. Serial histological sections of 5 μm thickness were cut from the waxed tissues on a microtome (Microm HM 350). The slides were stained with haematoxylin, counter-stained with eosin and examined under a light microscope. Images were viewed with objective x 2 or x 4 on Nikon optical binocular microscope (Nikon Corporation, Yokohama, Japan), coupled with camera (Panasonic KR222, Matsushita Electric Industrial Co., Osaka, Japan) to a computer. Villous height (from tip to crypt mouth), villous width (in the middle of its length), crypt depth (from crypt mouth to base) and width of tunica muscularis and submucosa were measured. Measurements of villous height and crypt depth were taken only from sections, where the plane of section run vertically from the tip of the villus to the base of an adjacent crypt. Averages represented the measurements of at least 6 slides, in each slide 30 well-oriented villi and crypts were measured using Lucia G v 4.60 software (Laboratory Imaging Ltd., Prague, Czech Republic). Experiment was conduced in compliance with the European Union regulations concerning the protection of experimental animals. The Local Ethics Committee approved the study protocol.
One way-ANOVA and Duncan multiple range tests was used to indicate the statistical differences between the groups (Statgraphics Plus v 5.1, 1994 -2001 . In all statistical analysis P<0.05 was taken as the level of significance.
RESULTS
Birds during experiment were healthy, there were no mortality or culling. Growth performance was shown in Table 2 . Birds fed diet with linseed were insignificantly heavier than birds from control group and significantly heavier from group fed rapeseed diet (P<0.05), feed intake in L group was numerically higher, but the differences in feed intake and feed/gain ratio among groups did not reach significance level.
The morphological characteristics of mucosa from three regions of the small intestine is shown in Table 3 , while cross sections of the jejunum of control and test birds are presented in Figures 1 and 2 . The villi were longest in duodenum, their height gradually declined in jejunum and ileum in all examined groups. Birds fed the diet with linseed and rapeseed had longer villi than control ones (Figure 1) . In duodenum this differences were not statistically significant, but in jejunum and ileum reached significance level (P≤0.05). In ileum the villi in birds fed linseed diet were significantly (P≤0.05) higher than in group fed rapeseed diet. The villi were broader in duodenum, than in more distal parts of the intestine, but there were no significant differences due to treatment (Table 3) .
Crypt depth and the ratio of villus height to crypt depth declined from the duodenum to the ileum in all groups. Duodenal crypts were shorter (P≤0.05) in chicks fed with linseed diet than in both remaining groups. At the jejunum and ileum ( Figure 2 ) the shortest crypts were in control group, the deepest in chicks fed rapeseed diet (P≤0.05). In all three parts of the small intestine the ratio of villus height to crypt depth was numerically highest in birds fed linseed diet, than in both other groups, but only in duodenum the difference between L and control group was significant (P≤0.05). The thickness of the tunica muscularis and submucosa in duodenum and jejunum was significantly (P≤0.05) greater in R chickens than in control and L group, in ileum it was also in L group greater, than in control (Table 3) . 
DISCUSSION
Linseed and rapeseed were the same, other dietary components, as well as composition of diets were similar as was described by Nguyen et al. (2003) . In present study similarly as in work of Nguyen et al. (2003) the performance of chickens fed the diet with 100 g/kg of rapeseed and 80 g/kg linseed was not significantly different from control except that body weight gain in L group was higher than in R group due to higher feed intake. The little treatment effect on performance of broilers indicated, that antinutrients provided with both full-fat seeds at this dietary level had no harmful effect on birds. Similar results were reported by Lee et al. (1991) and Pietras et al. (2000) . In all groups there was no evidence of any damage to the intestinal mucosa, it was composed of finger-like villi and simple tubular glands (crypts of Lieberkühn), which looked similarly as that presented by Humphrey and Turk (1974) and Turk (1982) in chickens fed standard diets. The descent of villi height and crypt depth from the duodenum to the ileum was consistent with that described in chickens by Turk (1982) and Iji et al. (2001a) . The mucosal epithelium of small intestine is a complex tissue, constantly renewed by proliferation of stem cells in the crypts. Daughter cells from this area are pushed up along the side of villus, differentiate along the way, and upon reaching the apex of the villus are sloughed into the lumen of the intestine (Johnson, 1992) . Most intestinal enzymes are secreted as inactive precursors at the crypt and acquire activity as enterocytes progress up the villus (Iji et al., 2001b) . Pluske et al. (1996) showed, that in piglets an increase in crypt depth was compatible with an increase in crypt cell production rate and an overall stimulation of cell turnover in the small intestine was associated with a reduction in the digestive and absorptive capacity.
Chickens fed with linseed and rapeseed diets had higher villi and deeper crypts in jejunum and ileum than control chickens (Table 3) . It may indicate for the shift in the digestion site of nutrients caused by both oilseeds, but mechanism of induction of hypertrophy of the villi may be slightly different. In the former study (Nguyen et al., 2003) linseed diet induced three times higher viscosity of jejunal digesta than control diet (4.5 vs 1.6 mPas.s). Iji et al. (2001a) reported, that supplementation of broiler diet with highly-viscous NSPs caused an increase in villi height in jejunum and ileum. Intestinal enzyme activity was expressed over a larger proportion of the villus, enterocytes on longer villi continued to secrete enzymes for much longer than it was observed in the shorter villi. It has been demonstrated in rats that highly viscous fibres decrease accessibility of absorbable nutrients to the mucosal surface and hinder effective interaction of substrates and enzymes at the mucosal surface (Ikegami et al., 1990) . The animal compensates for this inefficiency with an increased secretion of digestive juices.
Rapeseed diet in the former study (Nguyen et al., 2003) did not increased viscosity of small intestinal digesta in comparison with control group. However, about half of the total amount of fat in R diet was included in rapeseed. The liberation of fat from rapeseed, but also from linseed, even if both seeds were finely ground prior to inclusion into diet, had been slower than from control diet, and probably more fat reached more distal regions of the intestine. Johnson (1992) hypothesized, that delayed fat absorption in proximal intestine will be balanced by increased absorption at more distal sites. An increase in villus height in jejunum and ileum of chickens in L and R group indicated for adaptive response to exposition on greater supply of fat and other nutrients in digesta.
In the former study (Nguyen et al., 2003 ) the inclusion of both -lineseed and rapeseed into diet caused the decrease pH of ileal digesta in comparison with control group, what was indicative of proliferation of microflora in ileum. The chickens may adapt to it by increased thickness of intestinal wall, which is a physical and immunological barrier against harmful materials.
CONCLUSION
Diets containing moderate level of linseed or rapeseed alter morphology of mucosa mostly in distal parts of small intestine in broiler chickens, what indicates on a shift in a site of the absorption of nutrients within the digestive tract.
